The transformation of 22-hydroxy-23,24-bisnorchol-4-en-3-one to 7a-22-dihydroxy-23,24-bisnorchol-4-en-3-one by Botryodiploida theobromae, Lasiodiplodia theobromae, and various Botryosphaeria strains is described. Factors affecting the reaction were incubation temperature, sonication of the substrate, and addition of 2,2'-dipyridyl, extra carbohydrate, and Amberlite XAD-7. The enzyme responsible for the reaction appeared to be very specific and was not characteristic of all members of the genera listed above.
which (78 species in 33 genera) have been reported to be capable of 7ot-hydroxylation of various other steroids. Of these cultures, we found nine fungi which carry out the desired 7a.-hydroxylation of 3KC.
MATERIALS AND METHODS
Chemicals. All solvents and chemicals were reagent grade and were used without further purification. Amberlite XAD-7 was obtained from Rohm and Haas Co., Philadelphia, Pa. Before use, the resin was refluxed in acetone for 2.5 h, rinsed repeatedly with distilled water until all traces of acetone and color were gone, and dried at 40°C.
Analyses. Preliminary analyses for 3KC and 7ot-OH-3KC were done by thin-layer chromatography (TLC) of ethyl acetate extracts of fermentation samples. The extracts were evaporated to dryness at 40°C and redissolved in a volume of 95% ethanol-5% methanol 10 times smaller than the original sample volume. Chromatography was done on Silica Gel F254 TLC plates (E. Merck, Darmstadt, Germany) developed with ethyl acetate. The developed plates were air-dried, and the spots were visualized under short-wavelength UV light (254 nm). The minimum amount detectable was about 5 ,ug per spot. The R1s obtained in this TLC system were 0.75 and 0.36 for substrate and product, respectively. Minor amounts of products with Rfs lower than 0.36 can be seen in the chromatogram, and their separation from the de'sired product can be improved by repeated development with the same solvent system.
Quantitative assays of the materials in the spots were made by carefully scraping the area of the spot from the plate into a test tube and eluting overnight with 5 ml of 95% ethanol-5% methanol. The absorbance of the eluate was measured at 240 nm with a Gilford 250 spectrophotometer and compared with values from a standard curve obtained by chromatographing and eluting known amounts of authentic 3KC and 7ox-OH-3KC. TLC results were also quantitated by measuring fluorescence quenching of the spots (Zeiss TLC Spectrophotometer, PMQII).
High-pressure liquid chromatographic analyses were carried out with 20-,ul portions of ethyl acetate extracts injected on a silica gel (SR-I-10) column (25 by 0.45 cm) developed at a rate of 3 ml/min with 20% dioxane in methylene chloride. 3KC eluted from the column at 1.4 min, and 7o-OH-3KC eluted at 4.5 min (254-nm detection wavelength).
Glucose analyses were performed with Clinitest reagent tablets (Ames Co., Elkhart, Ind. A representative biotransformation process with these conditions and some of the conditions discussed below in Results can be followed with Botryodiplodia theobromae IF06469. Twenty 500-ml Erlenmeyer flasks, each containing 100 ml of Edamin broth, were inoculated with 5 ml each of 2-day-old vegetative growth of B. theobromae IF06469. After incubation for 48 h at 28°C and 250 rpm, to each flask was added the following: 5 g of sucrose in 2.5 ml of water (filter sterilized), 11.7 mg of 2,2'-dipyridyl in 0.75 ml of 95% ethanol-5% methanol (filte'r steriliZed), and 50 mg of 3KC sonicated in 1 ml of 0.1% Tween 80 (diluent sterilized before sonication). Incubation was continued' at 24°C and 250 rpm for 24 h. Each of the 20 flasks was then extracted with 100 ml of ethyl acetate, and 1,775 ml of ethyl acetate was recove'red. The pooled cells were reextracted with an additional 3,000 ml of ethyl acetate and centrifuged to separate the phases, and 5,000 ml of pooled ethyl acetate extract was recovered. This extract was evaporated to 500 ml, passed through a glass wool filter, and evaporated to dryness. these genera, and in some cases other strains of the same species, appeared to be incapable of converting the substrate to the desired product (Table 1) . Shake flask experiments with B. theobromae IF06469, which was consistently the best 7a-hydroxylator of the group, indicated that product yields were increased by the addition of 2,2'-dipyridyl, a chelating agent, to final concentrations ranging from 0.5 x 10-4 to 0.75 x 10-3 M. Without 2,2'-dipyridyl, most of the substrate was consumed by the culture, with less than 10% being detected as product (TLC assay, data not s'hown). It has been suggested (2, 20, 24) for similar transformations that 2,2'-dipyridyl inhibits degradation of the A and B rings of the steroid.
The reaction was not significantly affected by classic manipulations of medium components, age of culture, or pH. It was noted, however, that at the time of substrate addition, 48 h, the level of glucose in the medium dropped below 0.025%. The addition of metabolizable carbohydrate as either glucose or sucrose (final concentration, 5%) at this time appeared to retard degradation of 3KC and 7a-OH-3KC, which normally occurred when glucose levels approached zero. Other small improvements in yield were also achieved by lowering the temperature to 240C at 48 h and by using a 5% suspension of substrate prepared by sonic treatment in 0.1% Tween 80. By combining all of these measures, a 25% conversion of 3KC to 7a-OH-3KC was achieved, with 46% of the input 3KC still present (analyses by high-pressure liquid chromatography).
The most striking improvement in yield was found as a result of the addition of adsorbents (24; C. K. A. Martin and F. Wagner, Abstr. 5th Int. Ferment. Symp., Berlin, 1976, p. 328) to the fermentation. When Amberlite XAD-7 was added at 0.3 to 0.6% (wt/vol) to fermentations of strain IF06469, a dramatic increase in the yield of 7a-OH-3KC resulted. The increase in product formation was evident at initial 3KC concentrations of up to 1 g/liter; at higher substrate concentrations, XAD-7 had no effect. Similarly, no further stimulation in yield was obtained with XAD-7 in concentrations above 0.6% or with adsorbents other than XAD-7. A representative fermentation with B. theobromae IF06469 and XAD-7 is shown in Fig. 2 .
The 7ao-hydroxylation of 3KC was carried out in the other eight positive cultures with only minor modifications in the basic fermentation procedure. Analyses of extracts from fermentations carried out with these cultures resulted in product yields between 5 been issued. The reaction described in this communication was improved by the addition of compounds which act on the enzyme system, presumably at the level of the oxygenases normally involved in this type of transformation. Chelating agents such as 2,2'-dipyridyl may partially inhibit the initial step in the transformation of the substrate and, more importantly, inhibit the oxygenases which catalyze further degradation of the product. Although no satisfactory explanation for the mechanism of action of XAD-7 can be offered at present, it has been reported (14) that the resin may partially bind 2,2'-dipyridyl, thereby decreasing its toxicity without affecting its chelating effect, and also may selectively bind any product formed in the transformation, protecting it from further degradation.
